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For a twin rotary compressor, a computer simulation program has been developed. With R22, predicted cooling 
capacity, compressor input and EER were found to be in good agreement with experimental results. Calculated P-V 
diagram was also compared well to that of measurement. With the simulation program, parametric study has been 
performed to investigate effects of cylinder dimensions on R410A twin rotary compressor performance. Over the 
ranges of cylinder dimensions studied, some variations were found for volumetric, adiabatic and mechanical 
efficiencies, but overall compressor performance did not change much. Discharge port configuration was found to 




While scroll compressors are widely used for air conditioners, there is a certain range where rolling piston rotary 
compressors exhibit better performance. With R22, the capacity range favorable for rolling piston rotary 
compressors has been known up to small capacity residential air conditioners. It has been shown, however, that the 
range in which rotary compressor operates more efficiently than scroll compressor expands up to considerably larger 
capacity when R22 is replaced by R410A(Kato et al, 1996). But, there are some limitations on increasing capacity 
by increasing either the cylinder size or operation speed for a single cylinder rotary compressor, because there 
occurs significant increase in vibration in accordance with capacity or speed increase.  
 
For rolling piston type rotary compressors, there are two major sources of vibration: shaft whirling and torque load 
variation. Adoption of two cylinder configuration is a good way of improving vibration characteristics. For twin 
rotary compressors, mass unbalance due to shaft eccentric does not take place so that only relatively small 
counterweights are used, resulting in a great suppression of rotor top whirling(Hattori and Kawashima, 1990 ; 
Okoma et al, 1990). Twin rotary also has good advantage over single rotary in reducing torque load variation. Since 
gas compression processes in two cylinders occur with 180o phase difference to each other, torque fluctuation 
becomes quite small for twin rotary compressors(Kageyama et al, 2002). Some papers have been reported on 
performance of twin rotary compressors(Saitoh et al, 1992 ; Hayano et al, 1996 ; Fujita,1998).  
 
In this paper, computer simulation program for a twin rotary compressor with its validation will be introduced. And 
effects of design parameters on the compressor performance will be investigated by the computer simulation 
program to obtain optimum design for a two-cylinder rotary compressor.  
 
2. COMPUTER SIMULATION PROGRAM AND ITS VALIDATION 
 
A computer simulation program has been developed based on thermodynamic equations describing the refrigerant 
states in various control volumes and equations of motion for moving elements such as rollers, vanes, and crankshaft. 












−= ρρ /       (1) 
 
C038, Page 2 
 
 
International Compressor Engineering Conference at Purdue, July 12-15, 2004 
 
Masses of gas and oil in a control volume are calculated by considering mass flow rates between adjacent control 
volumes as in Equations (2a) and (2b). 
 
dtmMM ggg ∫Σ+= &)0( , dtmMM ooo ∫Σ+= &)0(    (2a),(2b) 
 
Various leakage paths are shown in Fig. 1. Detailed descriptions on the individual leakage flows are found in Kim 
(2003). Flushing effect of refrigerant gas resolved in oil due to pressure and temperature changes across a leakage 
path is also considered. For solubility change α∆  across a leakage path, the rate of refrigerant gassing resolved in 
the oil flow rate om&  is given by Equation (3). 
 
α∆= oflashg mm && ,        (3) 
 
Reaction forces and associated mechanical losses at various sliding surfaces are obtained by solving equations of 
motion for moving elements. Dynamics of moving elements such as roller, vane, and crankshaft for a single or twin 
rotary compressor have been well documented in previous works(Yanagisawa and Chu, 1982 ; Jun, 2002). 
 
Simulation program coding has been made by using visual basic. Input data for the program include compressor 
operating conditions, type of refrigerant with mated oil, compressor dimensions, discharge port details, and 
clearances at various locations. Calculation results are presented in tabular forma or in graphical modes. 
 
Validation of the program has been made by testing of a twin rotary compressor model in a compressor calorimeter. 
Fig. 2 shows a schematic of a twin rotary compressor model instrumented with sensors, and raw sensor signals are 
illustrated in Fig.3. Table 1 shows comparison of simulation results with testing data. Excellent agreement between 
them has been obtained. Simulated and measured P-V diagrams are also compared in Fig. 4. 
 
3. R410A TWIN COMPRESSOR DESIGN BY USING THE SIMULATION PROGRAM 
 
For optimum cylinder design of a R410A twin compressor, cylinder bore diameter D , cylinder height H , and roller 
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 Fig. 1  Leakage paths in the cylinder Fig. 2  Twin rotary compressor test model  
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Table 1 Comparison of simulation with experiment for R22 twin rotary 
Description Basic model Instrumented model Simulation 
m& , Flow rate 1 100.3 100.8 
cW , Comp. Input 1 101.2 100.7 
cQ , Cooling capacity 1 100.1 100.3 
EER , EER 1 99.1 99.6 
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Fig. 5 Effects of cylinder dimensions on efficiencies of R410A twin rotary 
Fig. 3  Raw signals of various sensors from 
test compressor model 
Fig. 4  Comparison of P-V diagram between  
measurement and simulation 
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Range of cylinder bore diameter is limited by boundary conditions. Since displacement volume of R410A 
compressor is about 72% of that of R22 compressor to give the same capacity at ASHRAE-T condition, cylinder 
bore of a R22 twin rotary of the same capacity can be taken as an upper limit for R410A cylinder bore. Lower limit 
for the cylinder bore is set from the crankshaft diameter as in Equation (5). 
 
rsh teRD ++≥ 22/       (5) 
 
Over certain ranges of cylinder design parameters for the same displacement volume, compressor efficiencies have 
been calculated by using the simulation program, and presented in Fig. 5. Cylinder height and bore diameter are 
normalized by those of R22 twin rotary compressor, respectively. From Fig. 5(a), volumetric efficiency vη does not 
increase with decreasing cylinder height. Rather it is more or less constant. Leakage mass flows in the upper 
compression chamber are shown in Fig. 6. Leakage through the flank clearance between roller and cylinder cbm&  is 
larger than any other leakages until the sealing line reaches discharge port, after which leakage from clearance 
volume of discharge port to the following suction chamber 42m& becomes dominant. With decreasing cylinder height, 
cbm&  proportionally decreases, but 42m&  increases due to increasing leakage area between discharge port and the 
following suction chamber. It is because roller radius becomes smaller for the same displacement with constant 
Cylinder bore. As a result, amount of overall leakage does not vary much with changing cylinder height.  
 































Crank angle [deg.]  
Fig. 6  Various leakage flows form compression chamber
Fig. 7  Pressure rise at the beginning of compression process  
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Table 2 Performance comparison between R410A and 




vη  95.8 96.6 
*
adη  99.9 104.0 
*
mechη  99.9 99.6 
*
cη  99.8 103.6 






From Fig. 5(b), adiabatic efficiency adη  increases with decreasing cylinder height. As mentioned above, 
42m& increases with decreasing *H , and less gas of high pressure remains in the clearance volume of discharge port, 
resulting in smaller pressure add-up at the beginning of the compression process in the following cycle. This 
phenomenon can be seen in Fig. 7 where variations of cylinder pressure, cp and pressure at the clearance 
volume, clp  are shown at two different cylinder heights.  
 
From Fig. 5(c), mechanical efficiency mechη  decreases with decreasing *H  As shown in Fig. 8, with decreasing *H , 
roller bearing loss cL and journal bearing loss jL decrease due to reduction in projection area of gas pressure, and 
friction loss at vane slot sL increases because of increased vane speed with larger e . As a result, overall mechanical 
loss increases slightly with decreasing *H . 
 
From Fig. 5(d), overall compressor efficiency represented by the product of mechadv ηηη ⋅⋅ doest not seem to depend 
much on the variation of cylinder height and bore diameter for the ranges under consideration. The difference 
between the maximum and minimum values is only about 0.77%.  
 
Discharge port size and porting angle also affect the compressor performance. Effects of discharge port size and 



























Fig. 8 Mechanical loss vs. cylinder height 










































Fig. 9 Effects of discharge port configuration on compressor efficiencies  
 
C038, Page 6 
 
 
International Compressor Engineering Conference at Purdue, July 12-15, 2004 
 
porting angle on vη and adη  have been calculated and presented in Fig. 9. With increasing port diameter, adη  
increases by 3.1%, and vη decreases very slightly. Discharge port diameter is limited by roller thickness. Increasing 
porting angle pθ also brings similar effect, since effective discharging area becomes larger with increasing pθ . 
 
In Table 2, compressor performances are compared between optimized R410A and R22 twin rotary compressors. At 
the operation speed of 50Hz, compressor performance of R410A twin rotary is about 93.2% of that of R22 twin 




In the study on the performance of a twin rotary compressor,  
(1) A computer simulation program has been developed, and its validation has been achieved by comparing 
simulation results and experimental data for a R22 twin rotary compressor model.  
(2) With this simulation program, parametric study has been performed to investigate effects of cylinder dimensions 
on R410A compressor performance. 
(3) Over the range of 0.185.0 * ≤≤ D  and 0.156.0 * ≤≤ H , the compressor performance represented by the product 
of mechadv ηηη ⋅⋅  did not change much. Maximum variation observed was abut 0.77% 
(4) Effects of discharge port on adη  are rather large, while vη is not much affected : adη  was increased by about 
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